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An extension of the "calculator" originally published in Electronics in January 1939. 
New parameters have been added and accuracy has been improved 



There was developed and has been 
in use in the Bell Telephone Lab- 
oratories for a number of years a 
particularly useful form of calculator 
for solving radio transmission line 
problems. The calculator was origin- 
ally described in ELECTRONICS* where 
it was presented in "cut-out" form. 
The impetus given to radio develop- 
ment by the war has promoted con- 
siderable interest in this calculator 
among engineers and research work- 
ers, particularly in the field of u-h-f 
technique where electrical measure- 
ments must be made indirectly. Ac- 
cordingly, it has been felt desirable 
to again present at this time a com- 
prehensive description of the device. 
Several new and useful parameters 
have been added to the original de- 
sign and the entire calculator has 
been redrawn to improve its accuracy 
and facilitate reading the coordi- 
nates. 

The calculator is, fundamentally, 
a special kind of impedance coordi- 
nate system, mechanically arranged 
with respect to a get of movable 
scales to portray the relationship of 
impedance at any point along a uni- 
form open wire or coaxial transmis- 
sion line to the impedance at any 
other point and to the several other 
electrical parameters. These other 
parameters are plotted as scales along 
the radial arm and around the rim of 
the calculator, both of which are ar- 
ranged to be Independently adjust- 
able with respect to the main imped- 
ance coordinates. All of the para- 
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meters are related to one another and 
specific solutions to a given problem 
are obtainable through the use of an 
Adjustable cross-hair index along the 
radial arm, which extends to inter- 
sect the scales around the rim. The 
parameters which are plotted on the 
calculator include: 

I. Impedance, or admittance, at 
any point along the line, (a) Reflec- 
tion coefficient magnitude, (b) Re- 
flection coefficient angle in degrees. 

II. Length of line between any two 
points in wavelengths. 

III. Attenuation between any two 
points in decibels, (a) Standing wave 
loss coefficient (b) Reflection loss in 
decibels. 

IV. Voltage or current standing 



wise defined, normally considered to 
be that impedance which would be 
measured if the line were cat at that 
point and measurements were made 
looking into the line section which is 
connected to the load. 

Impedance — Gcntral Csniiderailoi* 

The impedance at any point along 
the line and the power reaching this 
point from the generator completely 
determine the magnitude of the cur- 
rent and voltage and their phase re- 
lationship at that point. For a steady 
state, the generator impedance it- 
self, as well as the impedance looking 
towards the generator from any point 
along the line where it may have 
been considered to have been cut. 



.1 ;,f,,.j ,.*.;. 



S S SSM 

5 3 S SgS leg 



P 1 



mtyi 



T'SS ""a S sSifli 
E , M . , ...5 S S5 I 



wave ratio, {a) Standing wave ratio 
in decibels, (b) Limits of voltage and 
current due to standing waves. 

A brief discussion of each of the 
several parameters and the manner 
in which they may be evaluated from 
the calculator will be given. 

The impedance at any point along 
a transmission line is, unless other- 



can in no way affect the distribution 
of current or voltage along the trans- 
mission line to which the generator 
is connected. 

In other words, the generator im- 
pedance can have no effect upon the 
standing wave position or amplitude 
ratio or upon the relation of the 
standing wave to the impedance dis- 
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tribution (locus of impedances) along 
the Use. The generator impedance 
can affect only the power delivered 
to the transmission line and conse- 
quently the amplitude of the current 
or voltage all along the line, propor- 
tionately. The calculator relates the 
series components of the impedances 
thus considered at any point along a 



transmission line to a number of 
other parameters which will be dis- 
cussed individually. 

Imptdonco Coordinate* — Copfral Area 
of Calculator 

The series impedance components 
are represented on the calculator as 
two orthogonal families of circular 



curves plotted upon the central cir- 
cular disc, one family of curves repre- 
senting resistances and the other re- 
actances. All impedances, both 
known and unknown, are read there- 
upon. To make thj calculator of gen- 
eral application, these impedance co- 
ordinates are labeled ae a fractional 
part of the characteristic impedance 
of the line (a fixed parameter in any 
given problem which may be evalu- 
ated from the physical dimensions of 
the line.)* 

* HorrlHOn, J. F., Tranemutflon Line*. Pta*- 
up. (Western Electric Co, New lort), De- 
cember ItSS. Set BUo "audio Enf1ne«"l 
Handbook," Term&n, p. 174. 
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It is there/ore necessary when us- 
ing the calculator for solving prob- 
lems involving the impedance at any 
point to first divide the components 
of all known impedances by the char- 
acteristic impedance of the line, then 
obtain a solution from the calculator 
which, if an impedance, will be ex- 
pressed as a fraction of the charac- 
teristic impedance of the line, and 
finally to multiply this aolutioii by the 
characteristic impedance to obtain 
the answer in ohms. The character- 
istic impedance is usually a "real" 
number, i.e., a pure resistance, for 
radio transmission lines, which 
makes this procedure a relatively 
simple one. 

The relation between the imped- 
ance of the line at any point and the 
other parameters listed above is 
evaluated with the aid of the cross- 
hair index line on the radial arm as 
described later. 

Equivalent Parallel Component, of 

Impedance 

The calculator also provides a 
means for converting the series com- 
ponents of impedances to their equiv- 
alent parallel resistance and parallel 
reactance components. This is ac- 
complished by setting the series com- 
ponents under the cross-hair index 
line on the radial arm and then mov- 
ing the latter to the diametrically op- 
posite point on the calculator and tak- 
ing the reciprocal of the values read 
at that point as the equivalent par- 
allel resistance and parallel reactance. 
(A reciprocal scale is provided along 
the radial arm.) The equivalent par- 
allel component of resistance is use- 
ful in problems where it is desired 
to evaluate the magnitude of the volt- 
age and to avoid converting the prob- 
lem to one involving admittances. 

Admittance Coordinatei 

The calculator relates the series 
components of admittances, as well 
as impedances, to the various other 
parameters listed above and accord- 
ingly the coordinates may be con- 
sidered to be admittance coordinates 
if preferred. In this case the coordi- 
nate axis (real) labeled "Resistance 
Component (K/Z,)" becomes the 
Conductance Component (o/y„) axis, 
the scale units then indicating a frac- 
tions! part of the characteristic ad- 



mittance of the line. Likewise, the 
coordinate axis (imaginary) labeled 
"Positive Reactance Component 
( +}X/Z,) " becomes the Positive 
Susceptance Component (+jb/Y) 
axis and in the negative direction the 
Negative Susceptance Component 
(-ifr/Y). 

Admittance is defined as Y = a + 
jb and it is important to remember 
that capacitance is considered to be 
a positive susceptance and induc- 
tance a negative susceptance. The 
direction of rotation indicated on the 
calculator in moving from one point 
to another is the same whether im- 
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pedanee or admittance coordinates 
are considered. 

Converting Impedance! la Admittance. 

Impedances may be converted to 
admittances, or vice versa, by going 
to a diametrically opposite point on 
the calculator, as described above for 
obtaining the equivalent parallel re- 
sistance components, and reading 
the values at that point as conduct- 
ance and susceptance. 

Reflection Coefficient 
The impedance (or admittance) 
at any point along a uniform trans- 
mission line is completely defined by 
th# amplitude and phase angle of the 
"reflection coefficient" at that point. 
It is often convenient to think of 
transmission line phenomena in 



terms of the magnitude and phase 
relationship of reflected and inci- 
dent traveling waves, i.e., the reflec- 
tion coefficient of the transmission 
line under consideration. 

The magnitude of the reflection co- 
efficient is expressed by a number be- 
tween and 1.0, which represents the 
ratio of reflected to incident voltage 
at the point under consideration. If 
the attenuation of the line is negli- 
gible the magnitude of the reflec- 
tion coefficient will be a constant at 
all points along the line for a given 
load impedance resulting in a given 
standing wave amplitude ratio along 
the line. 

The magnitude of the reflection 
coefficient is plotted as a scale along 
the radial arm. The phase angle of 
the reflection coefficient is directly re- 
lated to the impedance and accord- 
ingly is indicated on the calculator 
as a scale around the rim of the im- 
pedance coordinate system. 

All impedances radially in line 
have a constant reflection coefficient 
phase angle. This phase angle is the 
angle by which the reflected wave 
lags the incident wave at the point 
along the line under consideration. 
Where these two waves add in phase 
to give a maximum voltage the im- 
pedance is resistive and greater than 
the characteristic impedance of the 
line, and the angle of the reflection 
coefficient is zero degrees. Going 
towards the generator from this 
point, the departure from zero phase 
angle is linearly related to the dis- 
tance traversed. The reflected volt- 
age wave at first lags the incident 
voltage wave (having the longer 
path to traverse) and the phase an- 
gle of the reflection coefficient is con- 
sidered to he negative for the first 
quarter wavelength from the voltage 
maximum point in the direction o f 
the generator. The reactive compon- 
ent of the impedance in this region is 
negative. 

At the exact quarter-wavelength 
(90 deg.) point the incident and re- 
flected voltage waves are exactly out 
of phase and the angle of the reflec- 
tion coefficient is rt= 180 deg. Con- 
tinuing in the same direction to- 
wards the generator, the two waves 
become increasingly more in-phase 
and in this region between one-quar- 
ter and one-half wavelength from 
the voltage maximum point towards 



the generator* where the reactive 
component of the impedance is in- 
ductive, the reflected wave leads the 
incident wave and the reflection co- 
efficient has a positive angle. 

The relationship between the mag- 
nitude of the reflection coefficient and 
the standing wave amplitude ratio 
may be derived from the fact that at 
the voltage maximum point the inci- 
dent and reflected waves add in 
phase, whereas, at the voltage mini- 
mum point they are exactly out of 
phase, thus 
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reduction in the length of the stand- 
ing wave which is proportional to 
1/VX where K is the dielectric con- 
stant. This applies to lines where 
the entire field is confined to a homo- 
geneous dielectric such as rnbber- 
insulated coaxial lines. In coaxial 
lines, for example, where bead insu- 
lators are used, if the beads are 
spaced closer than about l/36th 
wavelength, the line may be con- 
sidered to have a uniform effective 
dielectric constant. The length scale 
refers to the "effective length" of 
the line. 

As further discussed in the section 
entitled "Standing Wave Ratio," the 
relation between impedance and cur- 
rent distribution (standing waves), 
especially with respect to their posi- 
tion along the line, is often conven- 
iently referred to the pure resistance 



Leagth of Una — Movable Pittance Seal* 
Around Rim 

Impedances along a uniform trans- 
mission ljne vary cyclically, repeating 
every half wavelength if the line has 
negligible attenuation. Thus, for any 
given termination the impedance lo- 
cus path in going along the line in 
either direction from any initial 
starting point will close upon itself 
in exactly one-half 'wavelength ef- 
fective length. The circular calcu- 
lator is arranged so that one trip 
around the impedance coordinated 
disc at any constant distance from 
the center corresponds to a move- 
ment of just one-half wavelength 
along the transmission line. The 
length scale around the rim of the 
calculator is linear and its zero posi- 
tion may be adjusted so that meas- 
urements can be started from a point 
radially in line with any known im- 
pedance point on the coordinates and 
carried in either direction, i.e., either 
"towards the generator" or "towards 
the load" to a point where it may be 
desired to know the impedance. 

Uniform transmission lines with 
air dielectric and negligible attenu- 
ation have an "effective length" 
equivalent to the length of the wave 
in free space and no correction ia re- 
<nni*d for the length scale. How- 
ever, any solid dielectric material in 
the field of the conductors causes a 
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points and length measurements are 
often made with reference to one end 
or the other of the "real" axis, at 
which points the maximum and mini- 
mum current and voltage points 
occur. 

Any line length in excess of one- 
half wavelength can be reduced to 
an equivalent shorter length to bring 
it within the scale range of the cal- 
culator by subtracting the largest 
possible whole numbers of half wave- 
lengths therefrom. 

Scales Along Radial Aral 
A number of the parameters are 
uniquely related to one another as 
well as to the magnitude of the re- 
flection coefficient previously de- 
scribed. These parameters are con- 
veniently plotted as scales along the 



radial arm in nomograph form. 
Their relationship may be evaluated 
through the use of the sliding inder 
line which permits reading any or 
all of the several scales at the inter- 
section of the slider index line. A 
given set of such values are also re- 
lated to a given impedance locus 
which is traversed upon the impe- 
dance coordinates at the cross index 
line intersection when the radial arm 
is rotated once around the calculator. 
The several related parameters plot- 
ted along the radial arm in nomo- 
graph form include the following: 

(1) Attenuation in 1-db steps 
(due to loss resistance of 
line, leakage, and dielectric 
loss). 

(2) Standing wave loss coeffi- 
cient (due to increased av- 
erage current and voltage) , 

(5) Reflection loss (or gain) In 
decibels. 

(4) Reflection coefficient magni- 
tude (voltage). 

(6) Standing wave ratio iSWE) 
of maximum to minimum 
current or voltage. 

(6) Standing wave ratio ex- 
pressed in decibels 

(20 logwSrFS). 

(7) Relative voltage or current 
at maximum and minimum 
points for constant power. 

Altenuoiion 

Attenuation cauaes the impedance 
locus along a uniform transmission 
line to spiral inward toward the 
center of the calculator from the ini- 
tial starting point when going from 
the load end of the line "toward the 
generator", and to spiral outward 
toward the rim when going from an 
initial starting point "toward the 
load". The rate at which this spiral 
locus approaches the center (or the 
rini) depends directly upon the at- 
tenuation per Unit length of line as 
welt as upon the initial starting 
point- 
Impedances near the rim (encoun- 
tered along a line bearing a large 
standing wave) are altered to a 
greater extent by a da unit of attenu- 
ation, for example, than impedances 
near the center. The attenuation 
scale is conveniently plotted along 
the radial arm since it is a measure 



of the rate at wnich the impedance 
locus spirals in or out 

The starting point for this non- 
linear scale must be capable of being 
Bet at any impedance point on the 
coordinates. Also, the scale must be '■ 
capable of measuring attenuation in j 
either direction from the starting! 
point depending upon whether con- 
ditions are to be observed in a direc- 
tion from an initial starting point 
"toward the load" or "toward the 
generator". To accomplish this the 
scale is laid out without markings, in 
1-db steps. Thus, to take into ac- 
count an attenuation of say 3 db it 
is necessary to count off three I-db 
intervals in the proper direction 
along the attenuation scale from 
whatever starting point may have 
existed, before reading the answer 
on the impedance coordinates. The 
proper direction to go in correcting 
the impedance for attenuation of the 
line is indicated upon the attenuation 
scale itself. 

Standing Wave Lou Co.*i«i.nt 
The scale along the radial arm 
labeled "S.W. Loss Coef." shows the 
additional copper or dielectric loss 
due to the presence of standing 
waves in the vicinity of the standing 
wave measurement, This added loss 
coefficient, which multiplies the cal- 
culated loss in decibels for a matched 
line, does not affect the line imped- 
ance. This added dissipation within 
the line is caused by the fact that the 
line conducts more average current 
and is required to withstand more 
average voltage for a given trans- 
mitted power when standing waves 
are present than would normally be 
the case if the line were properly 
matched. 

Since copper losses at any point 
are proportional to the square of the 
current and dielectric losses or leak- 
age losses are proportional to the 
square of the voltage, the percentage 
increment in losses applies equally 
to either type of loss. This loss coeffi- 
cient refers more accurately to the 
increase in losses over a half wave- 
length of transmission line in the 
immediate vicinity of the standing 
wave measurement. In cases where 
the copper and dielectric or leakage 
losses are approximately equal it 
holds closely for any fractional part 
of a half wavelength. In this special 



case, when moving along the line, the 
change in copper loss due to the 
standing current wave is approxi- 
mately compensated by an equal and 
opposite change in dielectric or leak- 
age due to the reversed slope of the 
voltage wave, resulting in a substan- 
tially uniform increase in loss for 
any fractional part of a half Wave- 
length. If, due to attenuation, the 
standing wave ratio and consequently 
the standing wave loss coefficient 
change in moving along the line, for 
example several wavelengths, then the 
increased loss for the entire line sec- 
tion traversed lies between the co- 
efficient limits indicated at each end. 

Reflection Loss (or Gain) 

The "reflection loss" may be de- 
rived from the reflection coeflieient 
(k), which as described is the ratio 
of reflected to incident voltage. The 
reflection loss in decibels is 



<ft = log,. 10 '. 



(3) 



The absorbed power is proportional 
to the square of the incident voltage 
(V,'~) minus the square of the re- 
flected voltage (F»)-and the incident 
power is proportional to the square 
of the incident voltage (V'). There- 
fore 

<»= lOlogL-^-^-i (4) 

-lOlooj.l-CK./K,) 1 (5) 

■ 10 logu (1 - fc*) (6) 

If the attenuation of the line is 
negligible, the "reflection loss" does 
not represent an actual loss of power, 
for if an impedance match is made 
at the sending end of the transmis- 
sion line with the generator, a "re- 
flection gain" takes place which 
neutralises the "loss" at the load end. 
When the attenuation is not negli- 
gible, the reflection loss at the input 
(which actually represents an equiv- 
alent reflection gain when the input 
impedance to the line is matched to 
the generator impedance) will be less 
than the reflection loss at the load. 
This difference between the reflection 
loss, which can be read on the radial 
arm of the calculator, at the two ends 
of the line represents an additional 
dissipation loss within the line itself 
likewise, go through maximum ana. 
minimum values. 

The measurement of standing 
waves is often accomplished through 



the use of sliding capacitive or In- 
ductive probes (depending upon 
whether voltage or current waves re- 
spectively are to be observed). The 
output power taken from the probe 
is at a low level compared to that 
flowing in the main line so as not to 
disturb the line characteristics. 

Standing Wan Ratio Exprauod la Db 

The probe output is amplified 
through a double detection receiver. 
The receiver includes an attenuator 
in its i-f amplifier circuits which is 
calibrated in decibels. The rectified 
output of the receiver is indicated on 
a reference level meter. It is con- 
venient to adjust the meter output 
to an arbitrary reference mark and 
observe the change in attenuation 
required when going from a maxi- 
mum to a minimum point along the 
standing wave. The standing wave 
amplitude ratio may then be ex- 
pressed in decibels. Thus, a 6-db 
standing wave will have a ratio of 
maximum to minimum amplitude of 
2 to 1. Used in this sense the term 
has no significance insofar as loss or 
power ratio is concerned. A scale is 
provided to permit expressing the 
standing wave ratio in decibels. 



Rotative Valtaao or Currant at Maximum 
and Minimum Points 

If a transmission line is conduct- 
ing a given amount of power it will 
do so most efficiently when standing 
waves are eliminated. However, 
there are cases when it will be ac- 
ceptable or even desirable to permit 
standing waves to exist In this case 
the line must be designed to with- 
stand the increase in currert and in 
voltage at the antinodes. This in- 
crease at the antinodes in both cur- 
rent and voltage (and decrease st 
the nodes} is plotted along the radial 
arm and refers to the increase or de- 
crease at these points over what it 
would be if the line were properly 
terminated and were conducting the 
same amount of power to the load. 

The voitage magnitude (E) at any 
point along the line in terms of the 
equivalent parallel- resistance {#„,) 
component and the power (P) is 

E - V R... X P m 

whereas the current magnitude (/) 



at any point in terms of the series 
resistance (,R,„) component and the 
power (P) is 

L (8> 

In either case, the reactive com- 
ponent is not involved. 

At the maximum and minimum 
impedance points the series and 
parallel components become the same. 
At these points the maximum and 
minimum current and voltage are 
conveniently evaluated from the 
standing wave ratio, characteristic 
impedance, and power as follows: 
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E... - V PXZ.X SWR (12) 
where Z, = characteristic impedance 
in ohms. 
P — power in watts. 
SWR — voltage or current stand- 
ing wave ratio expressed 
as a number greater than 
unity. 

Example for Us* of fht Calculator 
A coaxial r-f transmission line 
having a characteristic impedance of 
60 + jO ohms is terminated in an 
unknown impedance which causes a 
standing wave near the load such 
that E„^E„,„ = 2.0. A voltage maxi- 
mum point on the standing wave 
exists 0.175 wavelength from the 
load. The line is 2.84 wavelengths 
long and has 1.0 db attenuation. 
A. To find the load impedance: 

(1) Set the slider on the radial 
arm to the position on the 
E„.JE„,„ scale opposite 2.0. 

(2) Rotate the radial arm antil 
its index line coincides with 
the R/Z. axis between 1.0 
and co (where the voltage is 
maximum), and rotate the 
length scale around the rim 
until its point is aligned 
with the index line on the 
radial arm. 

(S) Rotate the radial arm 0.175 
wavelength counterclock- 
wise "towards load" (from 
the voltage maximum point) 
as measured along the 
length scale at the rim and 
read the series components 
of the load impedance as 
R/Z. 5= 0.60 and +JX/Z, = 
0.36. Since Z. is 50 + jO 



ohms this corresponds to 
Z, - 50 f 0.60 + 70.36) = 
30.0 + /18.0 ohms. 
B. To find the input impedance: 

(1) As in A(l) and A (2) above 

(2) Rotate the radial arm 
2.84 - 2.50* = 0.34 wave- 
length clockwise "toward 
generator" as measured 
along the length scale and 
read the series input imped- 
ance components (before 
correcting for attenuation) 
as R/Z, - 0.64 and +JX/Z, 
- 0.44. 

Since Z. is 50 + /0 ohms, 
this corresponds to Z, — 
50 (0.64 + j'0.44) = 32.0 + 
7'22.0 ohms. 
(8) Correct for attenuation by 
moving the slider index only 
along the arm "toward gen- 
erator" 1 decibel unit The 
input impedance components 
are then read as R/Z, = 0.72 
and + jX/Z, = 0.37, which 
corresponds toZ, = 50(0.72 
+ jO.37) = 36.0 + il8.5 
ohms. 
C. To find the total dissipation in 
the line : 

(1) The attenuation as. stated 
in the problem is 1 db, which 
is the nominal loss without 
standing waves. The in- 
creased attenuation due to 
standing waves (as ob- 
served at intersection of 
siider index with "S.W. Loss 
Coef." scale) is 1.25 times 
at the load end and 1.14 
times at the generator end. 
The slider is set respectively 
as for B(2) and B(3) above. , 
The dissipation loss for the 
whole line can be shown to 
be increased due to standing 
waves by the difference read 
on the reflection loss scale at 
the two ends of the line. 
This is seen to be 0.51—0.31 
= 0.20 db. Thus, in this case 
the total dissipation loss 
within the line is 1.20 db. 
D, To find the increase in voltage 
or current at the maximum 
point due to standing waves : 
(1) With the slider index set as 
at B(2) and B(3) respec- 
tively, the increase over the 
uniformly distributed volt- 
age (no standing waves) 



* Subtract the largest whole number of half 
wavelengths to obtain eimivutent length li'SH 
than one half wavelength 



due to the mismatch of im- 
pedance at the load is seen 
from the "Limits" scale to 
be 1.41 times at the load end 
and 1.31 times at the send- 
ing end of the line. At the 
nulls it is reduced to 0.707 
and 0.761 times respectively. 
The actual magnitude of the 
voltage depends upon the 
power. 

Conitmcfian Data 

The data for construction of the 
main impedance coordinates of the 
calculator is shown in the figure. 

It will be seen that all of the circles 
of constant resistance are centered 
on the resistance (R/Z„) axis be- 
tween the limits where R/Z, = 1.0 
and co and that these circles are all 
tangent to the edge of the coordinate 
system at the point when R/Z. = co. 

The circles of constant reactance 
are all centered along a straight line 
perpendicular to the R/Z, axis at the 
point where R/Z. — co. 

The scales along the radial arm of 
the calculator are conveniently 
plotted as a function of the magni- 
tude of the voltage reflection coeffi- 
cient k (a linear scale running be- 
tween at the center and 1.0 at the 
rim). The formulas utilized are: 
Minimum Voltage or Current (N) : 



I 1-; 



1 + (1/ N'j 
Maximum Voltage or Current (X) 



(13) 



(14) 



(16) 



1+ F 
Standing Wave Ratio (db) : 

.,1 I 

1 + log" 1 db/20 

Standing Wave Ratio, greater than 
unity (SWR) : 
2 



* = ' " 1 + SWR 
Attenuation (db) : 

2 tonh (0,11312 db) 



(16) 



1 



tanh (0.I1S12 db) + 1 
Standing Wave Loss Coefficient (C) 
2 



(17) 



1 + C+ Jc r - 
Reflection Loss in db: 



1 



Y 



M) 



tor' 



db 



(18) 



(19) 



Appendix 1 : NOTES ON MATCHING 



It is desirable to operate an 
R, 7. transmission line with ft 
low standing nave ratio for a 
nuniber of reasons: 

1* The power handling capacity 
of the line as limited by 
the breakdown voltage of the 
insulation is higher. 

2. The efficiency of the line 
is higher. The effioiency 
of a transmission line is 
defined as the ratio of the 
power output of the line 
(at the receiving end) to 
the power Input (at the 
transmitting end) . The 

effioiency depends on the 
attenuation, and the standing 
wave ratio. 

3. The input iapedance (and 
hence the power input and 
output) is less sensitive to 
Hmall changes of frequency 
or length of line. 

4. There is less danger of 
pulling the frequency of the 
transmitter oscillator. 

USE aPSBITH CHART FOE 30HJTI0N 
OP STUB-MATCHING EROBIBJS. 

Preliminary Observations of 
Standing Waves, 

i. The points of ™»iHmnm and 
r<«'""» voltage will be re- 
sistive. 

2, The impedanoe at T— _ will 

be higher than the line im- 
pedanoe E Q . 

5. The iapedanoe at V^^ will 

be lower than the line im- 
pedance R . 

4. Prom 2 and 5 therefore the 
impedance either side of 
the ~<Ti<i«im may be cal- 
culated by considering 12 
O'clock on the Smith Chart 
as being the voltage min. 
point. 

5. Likewise 6 O'clock on the 
Smith Chart may be consid- 
ered as a voltage max. point. 



6. Since R or R_ = 3.W.R. 

R~ «q 

then a circle of radius 
defined by R/j, or Z load. 

Ro 

will be identical to the 
oirale defined by the 3.W.B. 

STUB MATCHING-. 

IHEEElANCE (z) is defined as the 
ratio of voltage to current. 
It is a coimjlei quantity. The 
real part is known as the re- 
sistance (R) and the imaginary 
part as the reactance (I). In- 
ductive reactance is positive, 
capacitive reactance is neg- 
ative. 

ADMITTANCE (r) is defined as 
the ratio of current to voltage, 
hence it is the reciprocal of 
iraaedance. The real part of 

admittance is known as conduct- 
ance (G), and the imaginary 
part is known as susceptance 
(B), Inductive susceptance like 
inductive reactance is pos- 
itive) capacitive susceptance 
like capaoitive reactance, is 
negative. 

Greatest convenience in work- 
ing stub-matching problems is 
obtained by working in con- 
ductances, susoeptanoeB and 
admittances since line and stub 
are connected in parallel. 

To eliminate standing waves on 
the line, the stub aust be 
placed at a point on the line 
where the conductance Is equal 
to characteristic conductance 
of the line, and the length of 
the stub mist be adjusted to 
make the total susceptance at 
the point of attachment equal 
to zero. 



r-G ±jB 



ECFTJLNATORV MOTE; 
Conductance 

Susoeptanoe 



Admittance 



G = 



1 

5 

i 
I 

i 
z 



Vl 



for 



natched cast 






+JB 



Y L - 6, + jB-jB 



■ Ivoid the fallacy of looking 
along line and putting stub of 
opposite sign and equal resist- 
ance at point found by: - 

Z ■ R (l±JX). Kquiv. circuit is 



:fi±JX 



4--JX 



from above it can be seen that 
this solution does not remove 
the reactance. 

V Ulti 
R-0 




After conversion toadmittanoes 
etc. the load becomes ; 



VMIN 
FIG. 1 
To convert from impedanoe to 
equivalent admittance draw a 
straight line through from the 
impedanoe point through the 
centre of the chart to inter- 
sect with the S. W. R. oirale. 



HXBUHl 

Reactive load to be Batched to 
a llrw of characteristic im- 
pedance H D where E L is not 
equal to R Q (Z load = RtjX). 

1* Determine the Standing Ware 
Pattern and plot on "Smith 
Chart. 

S.W.K. = 3 and E^^ occurs 
. 05 X from load 



3 



R+jX 
— 1-osxi— 

(a)Plotting on Smith Chart 
S.W.E. = 3, load ,C5X frcm 
T min t* 8 ' ol03k ) "Towards 
Load' gives I'l„ (.36 - 
J.39). 

(b)Convert load Into terns of 
conductance andsuBceptance 
■by rotating 180°. 

i.e. Convert from Z = E ± jX 
to T L - G ± JB. This gives 
admittance * G (1.7 + J1.31) 
at load. 

(o) Search for two points along 
line having T = £ (i + JB) 

Where conductance equals char- 
acteristic conanctanoe plus a 
susceptance which la to be 
removed by the stub. 

These points will he : : 

i. T » G Q (l + JJ.UJ) 

2. I *G (1-J1.15) 

The position for the stubs baa 
now been located. 



Ii-M-M-j-wl 




Stub positions axe located as 

f oIIowb : - 

Distance from T^ „, (6 O'clook) 

is for 

JU (Wave lengths toward gener- 
ator) .25X + .166X" .416X 

»*, Distance from load ■ .416X+ 

.05X = .466 X 
3. (Wave lengths toward gener- 
ator) .332X- .25X* .082X 

.'. DiBtanoB from load = .082X+ 

,05X= .1S2X 
(d)Now calculate a stub hairing 
input Husceptance +J1. 15 
for the solution nearest 
the load. 

A second stub can be cal- 
culated having input sus- 
ceptanoe -J3L.15 for the 

position furthermost from 
the load. 

The length of the stub is 
chosen to present a sus- 
oeptance B equal in magni- 
tude but opposite in sign 
to the susceptance of the 
line at the point of attach- 
saent. The t otal susceptance 
at the stub is then zero, 
and the line is then term- 
inated in ita characteristic 
conductance at the stub. 

te)Since a stun is mare easily 
recognisable when expressed 
in terms of reactance, and 
having decided upon the 
susceptance required to 
canoe?, the existing sus- 
ceptance, convert to re- 
actance by plotting *B' on 
the outer circumference of 
the Smith Chart (assuming 
that the (tub has no re- 
sistance) and rotating 180° 
to find 'I'. 
For an S/C stub calculate 
from 12 O'clock C^min). 
For an 0/C stub calculate 
from 6 O'clock (Vmax)- 
Method shown in Pig. 3. 



STUB LBTCTHS, 

1. 0/C stub (LI) from v 

(towards gen) to - j.875 
= .136X 

2. 0/C stub (LS) from 1^ 

(towards gen) to + J. 875 = 
.25X + .114X 

=.364X 

5, S/C stnb (LS) from Y,^ 

(tcrards gen) to + 3.875 ■ 
.11+X 

4. S/C stub (L4) from Vj^ 

(towards gen) to - j.875 = 
.25X+ ,136X 

■ .386X 
V MIN 



FIMJSH 




SOLUTION 




X 


LI = .136X 


4 


L2 = .364X 




L3 = . 114X 


X 


L4 - .386X 


4 





